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The probability of growth of a biofilm at solid surfaces (e.g. in case of a microbial
infection on a prosthesis) depends not only on the transport of bacteria towards a solid
surface but also on the probability of adhesion. Bacteria will eventually come into
contact with solicl surfaces due to diffusion, sedimentation and convection. Depending
on the interaction forces between bacteria and solid surfaces, bacteria can adhere,
move over these surfaces and desorb again into the suspending fluid. Simultaneous
measurement of adsorption and desorption of bacteria al physico-chemically
characterized surfaces, can result in a description of the deposition process in terms of
attractive forces and the depth of the interaction potential. In most cases the
electrostatic interaction between bacteria and solid surfaces is repulsive and adhesion is
established by attractive Lifshitz-van der Waals forces and/or hydrophobic attraction.
In this thesis deposition experiments are carried out in a parallel plate flow
chamber to mimic natural environments in which shear plays an important role (e.g.
the flow of blood in blood vessels, saliva in the oral cavity and ship hulls in contact
with seawater). Using a camera and image analysis deposition can be determined in
sin. ln order to get a better insight in the physico-chemical mechanisms governing
microbial adhesion to biomaterial surfaces, results of adsorption and desorption
experiments are compared with those of inert colloidal particles.
The aims of this thesis, presented in Chapter 1 are:
- To develop a quantitative method to measure the time of arrival and departure of
colloidal particles and bacteria. Using this method one can simultaneously measure
adsorption and desorption. In addition the residence time dependent desorption
during deposition can be obtained. These processes will be measured in a parallel
plate flow chamber, which allows to control hydrodynamics (laminar flow).
To achieve the above objectives, it is necessary to develop image analysis
procedures to account for every particle or bacterium adsorbing and desorbing
during flow. As we will see, the images produced need to be carefully analyzed to
obtain information on deposition and desorption, simultaneously. In addition, the
results obtained by image analysis need to be compared with manual counts.
- To determine the deposition kinetics of colloidal particles and bacteria by the
above described technique. The kinetic results will be correlated with the deposition
efficienry and the force of adhesion.
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- To compare the kinetics of microbial and inert colloidal particle deposition, in
order to establish the differences between these two systems. This will allow us to
develop methods for future microbial deposition experiments.
In Chapter 2 different image analysis methods to distinguish between adhering and
non-adhering bacteria are compared with manual counts. Chapter 3 describes the
method ("history mode") to obtain simultaneous adsorption and desorption during
deposition. Also the theory describing deposition kinetics is presented, enabling the
possibility to determine the initial deposition rate, the blocked area and desorption
rate coefficients from experimental data. Analysis of experimental data shows that the
probability of desorption decreases from an initial high value to a final low value
during residence of adhering bacteria at a solid surface and that this decrease has a
characteristic relaxation time (residence time dependent desorption).
The spatial arrangement of adhering bacteria can be determined from pair
distribution functions. In Chapter 4 various presentation forms of pair distribution
functions are discussed, including radial, angular and local pair distribution functions.
Also differences between "history" and "non-history" mode data are discussed. It is
concluded that local pair distribution functions are to be used preferentially over radial
or angular pair distribution functions as they reflect the asymmetry due to flow.
In Chapters 5 and 6 the deposition of 736 nm diameter polystyrene on glass is
studied as a function of ionic strength (1, 10 and 50 mM KNOJ and shear rate (15 to
200 s r). Decreasing the ionic strength increases the electrostatic repulsion, whereas
increasing shear rates result in increasing hydrodynamic lift and drag forces. Decreasing
the ionic strength or increasing the shear rate both result not only in lower deposition
efficiencies but also in increasing desorption rate coefficients. At high ionic strengths
the interaction between adhering particles and collector surfaces is relatively stable due
to the predominant influence of attractive Lifshitz-Van der Waals forces, whereas at
low ionic strength the total adhesive force varies due to variations in electrostatic
interactions resulting in an oscillatory behaviour of the number of adhering particles as
function of time (Chapter 5) and decreasing initial and final desorption rate
coefficients at high shear rates (Chapter 6). The blocked areas, elongating in the
direction of flow, increase with increasing shear rate and decreasing ionic strength and
compare well with those derived from an analysis of the spatial arrangement of
adhering particles.
The influence of collisions between flowing and adhering polystyrene particles on
adsolption and desorption is investigated in Chapter 7. The results show increasing
initial desorption rate coefficients as function of the particle concentration due to
increasing numbers of collisions. However, the final desorption rate coefficient and
relaxation time decrease indicating a distribution of surface characteristics of the
polystyrene particles. Furthermore, the blocked area increases as the particle
concentration decreases as a consequence of a decreasing probability of backscattering
of polystyrene particles towards the collector surface.
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In Chapter E deposition of Streptococcus thermophilru B from a 40 mM potassium
phosphate buffer to a series of increasingly hydrophobic collector surfaces (glass,
poly(methylmethacrylate) (PMMA) and fluorethylene propylene (FEP)) is investigated
at pH 2 and pH 7. The high deposition efficiencies at both pH values and the high
degree of near neighbour collection indicate large sedimentation effects and possibly
positive cooperativity at pH 2. Despite low electrostatic repulsion at pH 2, i.e. physico-
chemical favourable deposition circumstances, the number of adhering bacteria is
small, whereas in case of large electrostatic repulsion at pH 7, the number of adhering
bacteria is large, indicating physico-chemical aspects based on overall surface
characteristics do not always apply to microbial adhesion.
In Chapter 9 deposition results of three different bacterial strains are compared
with those of polystyrene particles to glass, PMMA and FEP, i.e. collector surfaces with
increasing hydrophobicity. It is shown that bond aging of microorganisms and
polystyrene particles can be described as "rolling down" the interaction potential into
the secondary minimum, rather than increasing primary minimum interactions between
parts of the microbial cell surface and a collector surface. Acid-base interactions are
required in an extended DLVO approach in order to account for the deposition
observed on hydrophobic FEP. Furthermore it is concluded from desorption observed
while flowing with a cell free solution that microbial adhesion can be considered as a
thermodynamically reversible process.
In the general discussion (Chapter 10) it is shown that sedimentation can have a
considerable influence on the initial deposition rate. Furthermore it is shown that the
probability of adhesion during deposition not only decreases due to blocking but also
due to the additional electrostatic repulsion arrising from already adhering particles.
Residence time dependent desorption is discussed in terms of movement of the
particles towards the collector surface, i.e. initially particles are captured at a distance
z^ thereafter they move to the secondary minimum with a velocity depending on the
attractive force. It is also concluded that adhesion of bacteria and model particles is
initially governed by physico-chemical aspects and desorption of bacteria differs only in
later stages from model particles. Finally, technological improvements of the system
and suggestions for future experiments were discussed.
II.2 SAMEIWATTING
De kans op groei van een biofilm aan vaste-stofoppervlakken (b.v. een bacteriële
infectie aan een prothese) hangt onder meer af van het transport van bacteriën naar
en de kans op hechting aan dat oppervlak. Bacteriën bevinden zich meestal in een
vloeistof (suspensie) omgeven door vaste solide wanden. Door diffusie, sedimentatie en
stroming van de vloeistof (convectie) kunnen bacteriën een oppervlak bereiken.
Afhankelijk van de interactiekrachten tussen bacteriën en vaste-stofoppervlakken
kunnen bacteriën worden geadsorbeerd, zich over deze oppervlakken verplaatsen en
eventueel weer gedesorbeerd, terug in de suspensie. Door de snelheid van adsorptie
(depositiesnelheid) en desorptie (desorptiecoëfficiënt) van bacteriën aan fysisch-
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